1. Introduction
===============

Elevated blood pressure is a leading modifiable risk factor for the premature death and cardiovascular disease (CVD), which leads to at least 1.1 million deaths per year in the globe, and hypertension has been possessing as a major public health challenge by World Health Organization.^\[[@R1],[@R2]\]^ Considering the severity of hypertension, 3 states of blood pressure (normal blood pressure, prehypertension, and hypertension) have been set up according to the individual\'s blood pressure level.^\[[@R3],[@R4]\]^ It has been wildly acknowledged that if diagnosis is done in an early stage of hypertension with effective methods, it can be prevented from CVD and reduce the burden of morbidity and mortality so far.^\[[@R5]--[@R8]\]^

Indices from the physical examination are early diagnostic biomarkers, wherein platelet indices are the potentially useful markers for the early diagnosis of thromboembolic disease. Platelet indices comprise platelet distribution width (PDW), mean platelet volume (MPV), plateletcrit (PCT), and blood platelet count (PLT). MVP and PDW are the simple platelet indices, which increase during platelet activation. MPV is one of the most commonly primary measurements of the average size of platelets in the blood sample, which is included in blood tests as part of completed blood count.^\[[@R9]\]^ The larger platelets are more aggregate and reactive compared to the smaller size. Several studies have advised that MPV is significantly increased in CVD patients.^\[[@R10],[@R11]\]^ Likewise, PDW is a simple as well as a practical and specific marker of activation of coagulation, which is used to decide the heterogeneity of platelet size. Several studies have reported that platelet activation has a relationship with cardiovascular morbidity and mortality.^\[[@R12]--[@R14]\]^ Increased platelet activation and aggregation are involved in the pathogenesis of elevated blood pressure, which is also associated with hypertensive risk factors.^\[[@R15]--[@R18]\]^ Many researchers have illustrated that the platelet occupy was an important position in mediating immune response and maintaining the vascular homeostasis, atherosclerosis, and an inflammation.^\[[@R19]--[@R23]\]^ Moreover, the use of antiplatelet management therapies in the high blood pressure, the platelets play a pivotal role in the pathogenesis of hypertension.^\[[@R24]--[@R27]\]^ Thus, assessments of platelet indices and their bioactivity may be of vital importance for monitoring the occurrence and progression of hypertension. Asgari et al^\[[@R28]\]^ used the quadratic inference functions (QIFs) to determine the factors associated with obesity from the STEPS Survey in Iran. But to our knowledge, using QIF, studies on the correlation between platelet indices and blood pressure are relatively limited, especially in the large-scale population-based longitudinal study.

Therefore, a longitudinal study with 6515 participants who have undergone 6 repeated health check-ups has been established in Beijing to evaluate the relationship between platelet indices and blood pressure using QIF method, which has not been studied extensively in real data settings.

2. Methods
==========

1.1. Study population
---------------------

A total of 6515 cases of data, aged 20 to 65 years were obtained from the Beijing Tongren Hospital, Beijing Electric Power Hospital, and Beijing Xiaotangshan Hospital for the longitudinal analysis from 2007 to 2012, 6 years of follow-up. Individuals with a previous diagnosis of CVD, cerebral infarction, or gastric cancer, or those who had undergone coronary artery bypass surgery, coronary stenting surgery, or gastrectomy, and those who had hypertension or took any drugs at baseline were excluded. The study was approved by the Ethics Committee of Capital Medical University (approval number: 2015SY33). Written consent was obtained from all participating subjects.

1.2. Data collection and measurements
-------------------------------------

All individuals in the study who took routine physical examinations underwent anthropometrically and laboratory tests every year. Weight and height were measured without shoes, and body mass index (BMI) was calculated as the weight (kg) divided by squaring the height (m). Blood samples were collected from an antecubital vein into tubes containing EDTA in the morning after an overnight fasting. PLT, PDW, MPV, PCT, fasting plasma glucose (FPG), triglyceride (TG), high-density lipoprotein (HDL), white blood cell (WBC), red blood cell (RBC), hemoglobin (HGB), red blood cell specific volume (HCT), and erythrocyte mean corpuscular volume (MCV) were measured by an auto analyzer (Sysmex SE-9000, Kobe, Japan). The information of drug usage was obtained from individuals' medical history. Drug information was adjusted in the analysis, including the use of anti-hypertensive drugs, anti-dyslipidemia drugs, anti-diabetic drugs, and anti-platelet drugs. All analyses were performed in accordance with the manufacturer\'s recommendations.

1.3. Approach for blood pressure measurement
--------------------------------------------

Blood pressure was measured by a trained nurse on the right arm of participants (after at least 5-minute rest) during hospitalization using the WHO classification criteria.^\[[@R29]\]^ During 30-minute proceeding, the measurements of the participants were required to refrain from smoking or consuming caffeine. A standard mercury sphygmomanometer was used to measure the blood pressure of participant with 1 of 4 cuff sizes (pediatric, regular adult, large adult, or thigh) based on the participant\'s arm circumference. Three readings of each systolic blood pressures (SBPs) and diastolic blood pressures (DBPs) were recorded with an interval of 1 minute at least, and an average of the last 2 measurements was used for the data analysis.

1.4. Statistical analysis
-------------------------

There have been several appropriate statistical methods for analyzing repeated measures, including GEE and multilevel mixed linear model. Whereas, in comparison to the GEE approach, QIF has the following advantages. First, the application of GEE requires more model assumptions than QIF method.^\[[@R30],[@R31]\]^ Second, QIF method constructs more estimating functions than the number of parameters, so extra degrees of freedom are available to perform the goodness-of-fit test.^\[[@R30]--[@R32]\]^ Therefore, some model selection criteria such as Akaike information criterion (AIC) and Bayesian information criterion (BIC) can be established in QIF. The AIC and BIC are measures of the relative quality of statistical models for a given set of data. Hence, AIC and BIC provide a means for model selection. When fitting models, it is possible to increase the likelihood by adding parameters, but doing so may result in overfitting. Both AIC and BIC resolve this problem by introducing a penalty term for the number of parameters in the model. The model with the lowest AIC and BIC is preferred. GEE methods are unavailable to perform such types of procedures. Moreover, because of the fact that QIF does not need to estimate the parameters in a given correlation structure, especially when the working correlation is misspecified, the QIF estimator of beta is more efficient than the GEE estimator.^\[[@R30],[@R33],[@R34]\]^ Finally, GEE is not robust and very sensitive to influential data cases, whereas the QIF estimators are robust with a bounded influence function against unduly large outliers or contaminated data points.^\[[@R30],[@R35],[@R36]\]^

The original continuous platelet indices were categorized into 4 levels (Q~1~, Q~2~, Q~3~, and Q~4~) using the 3 quartiles of *P*~25~, *P*~50~, and *P*~75~ as a critical values, with ≤*P*~25~ for Q~1~, \>*P*~25~ and *P*~50~ for Q~2~, \>*P*~50~ and ≤*P*~75~ for Q~3~, and \>*P*~75~ for Q~4~, respectively. To better clarify the relationship between elevated blood pressure and platelet indices, some confounding factors were adjusted in QIF model. Three QIF models have been estimated to check whether the correlation existed or not. In model 2, FPG, TG, HDL, and BMI were adjusted in QIF model. In model 3, FPG, TG, HDL, BMI WBC, RBC, HGB, HCT, MCV, and the use of anti-hypertensive drugs, anti-dyslipidemia drugs, anti-diabetic drugs, and anti-platelet drugs were adjusted in QIF model.

Summary of the statistics was used to illustrate the characteristics of variables' distribution in each repeated survey. Student *t* test was used for continuous variables to detect the statistical significances and compared with the first survey (baseline). The results were presented as an estimate indices   and standard errors. Parameters of GOF test, including AIC, BIC, and value of *χ*^*2*^ of QIF were calculated for model assessment.

To account for missing values, multiple imputation (MI) was performed. Markov Chain Monte Carlo (MCMC) method was chosen for missing values of multiple imputed variables without loss of generality. This method was employed in SAS (Version 9.2; SAS Institute Inc., Cary, NC) followed with the procedure of MI. After imputation, all variables had \<10% missing observations, in particular, \<2% of the platelet indices and blood pressure variables. All the analyses were completed in the SAS 9.2 statistical software, wherein statistical significance was set at the 0.05 level and all *P* values were 2-sided.

2. Results
==========

Table [1](#T1){ref-type="table"} shows the characteristics of SBP and DBP together with the potential confounding factors at baseline with each follow-up year. Although tests of some factors did not reach statistical significance, it indicated that they were higher than baseline generally and blood pressure increased in a steady trend. QIF analysis was performed to explore the sex distributions in every follow-up year separately. Table S1 and S2 summarize the distributions of blood pressure of male and female in detail.

###### 

Distribution of blood pressure and other potential confounding factors.
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According to the GOF test, the smaller AIC, BIC, and larger *χ*^2^ values indicated the better fit of the QIF model. Table [2](#T2){ref-type="table"} shows that the most suitable correlation working matrix was an exchangeable model for both sexes in term of DBP. As for SBP, the most suitable related working matrix for female is the unstructured model and exchangeable model for male population.

###### 

GOF test information among 3 models in selecting the most suitable working correlation matrix.
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In the present study, table S3--S8 show an explicit comparison of parameter estimation for GEE and QIF by fitting Model 1 to 3. According to the lowest AIC and BIC, QIF can choose the best model with appropriate working correlation matrix, whereas AIC and BIC are not available in GEE model. QIF produced smaller standard errors compared with GEE in most situations even with the same working correlation matrix, which implies that parameters of QIF model are more reliable and efficient than that of GEE.

Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} show that after adjusting the potential confounders by QIF method, PDW was negatively associated with SBP. Setting Q~1~ as the reference, for male,   95% confidence interval \[CI\] = −1.2096 to −0.2768; *P* = 0.00179) and   were significant. Whereas for female, levels of     and   were significant. We could hardly find associations between PDW and DBP, except for male  .

![Risk factors associated with evaluated SBP. MPV = mean platelet volume, PDW = platelet distribution width, PLT = blood platelet count, SBP = systolic blood pressure.](medi-95-e4964-g014){#F1}

![Risk factors associated with evaluated DBP. DBP = diastolic blood pressure, MPV = mean platelet volume, PDW = platelet distribution width, PLT = blood platelet count.](medi-95-e4964-g015){#F2}

MPV had a positive association with SBP. Setting Q~1~ as the reference, for male,     and   were significant, and for female,     and   were significant, However, a negative connection was observed between MPV and DBP for male,   and   were scientific significant, and for female  .

PLT showed a positive relationship with DBP. Setting Q~1~ as the reference, for male,     and   were scientific significant and for female   There has been no relationship between PCT and blood pressure as our result displayed.

3. Discussion
=============

Concern about the increased prevalence of elevated blood pressure has lightened the interests to explore an association between some convenient, fast, and effective indices with blood pressure among healthy populations in Beijing, and we found PDW MPV and PLT are those indices that can help diagnose evaluated blood pressure and then hypertension. Some desirable features of the QIF method in a real world with longitudinal data have been illustrated. The GOF statistic from QIF model also facilitates an optimal selection of the correlation structure among several plausible choices. We obtained similar parameter estimations from GEE and QIF analyses using the dataset of health check-up in 3 hospitals in Beijing from 2007 to 2012. In terms of SBP, the most suitable working correlation matrix for male was exchangeable model. Additionally, exchangeable model was the suitable matrices for male and unstructured model for female. Our findings are consistent with the findings of Qu et al,^\[[@R31]\]^ which stated that QIFs have the greater efficiency of parameter estimates in comparison to GEE, and made more reliable results in conjunction with GEE.

PDW and MPV are 2 indicators of platelet, which reflect the size and variability, respectively.^\[[@R37],[@R38]\]^ According to Zheng et al,^\[[@R18]\]^ the larger platelets are more active compared to smaller ones both metabolically and enzymatically, which is more likely to be thrombotic potential. Earlier findings have established that raised PDW and MPV levels are an independent risk factor for myocardial infarction including coronary heart diseases.^\[[@R39]--[@R41]\]^ Increased platelet size is a risk factor for cardiovascular as well as diabetes and atherosclerosis disease, which have also been reported by some researchers, while increased MPV levels have shown in several inflammatory syndromes, such as, periodontitis, osteoarthritis and systemic sclerosis.^\[[@R42],[@R43]\]^

Pathophysiology of elevated blood pressure is multifaceted including vasoconstriction, vascular wall remodeling, and in situ thrombosis.^\[[@R18],[@R44]\]^ Earlier researches stated that an elevated platelet aggregation and activation rose along with the process of hypertension.^\[[@R18],[@R45],[@R46]\]^ Our study experienced that the MPV was significantly associated with higher estimator in SBP, regardless of sex, whereas a negative correlation was observed between MPV and DBP. These findings are consistent with previous studies of Ucar et al ^\[[@R47]\]^ and Pusuroglu et al.^\[[@R48]\]^ Additionally, there are 2 possible mechanisms that may contribute to increased platelet parameter levels during high blood pressure as suggested by some studies,^\[[@R47],[@R48]\]^ such as firstly, pulmonary vascular endothelial dysfunction was linked with the path mechanisms of hypertension, which might lead to the platelet activation and local thrombosis. And secondly, systemic inflammation and immune dysfunction in patients with high blood pressure might cause platelet activation.^\[[@R18]\]^

Our study established that PLT had a positive relationship with DBP for both sexes, whereas there was no relationship found between PCT and blood pressure. Previous studies have shown that there was a sex effect on the relationship of blood pressure and platelet indices.^\[[@R18],[@R49]--[@R51]\]^ Those studies suggested that only partial indicators of platelet indices reflect the disease severity. From our findings, we can suggest that an elevated MPV and PDW might be an indication to recognize the part of platelet activation in the interpretation of the cause of hypertension. There could be possible 2 things, activated platelets might conglutinate the wall of injured pulmonary vessels and facilitate the growth of in situ thrombosis, and they may possibly secrete several growth factors and cytokines that influence during remodeling of the pulmonary vessel.^\[[@R18]\]^

There are some limitations which should be acknowledged in our study. First, we enrolled participants from 3 hospitals only for this study, so the results of this study may be a boundary for the generalization to the other population. Secondly, in the presence of young platelets, specific platelet activation was not measured by measuring reticulated platelets or immature platelet fraction. In addition, the information about lifestyles of a person was not included in the present study, and the multivariate model was not adjusted for these factors. Therefore, further study will be advised including the lifestyle variables along with the general population.

4. Conclusion
=============

Our study confirmed that QIF was better compared to GEE. MPV was negatively associated with DBP in male, where PDW was a negative association with SBP. PLT was associated with male\'s DBP. Our findings lay the basis of QIF method running into a real world longitudinal study and provided further evidence using some platelet indices for early diagnosis of hypertension.
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